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(54) Line loop back for very high speed application 



(57) Method and circuitry for performing a line loop 
back test includes a receiver, a deserializer, and a low 
speed parallel loop back data multiplexer selects either 
the low speed parallel data from the deserializer when 
in loop back mode or low speed parallel input data when 
in normal mode. The deserializer produces a low speed 
clock output signal that is fed to a low speed loop back 
reference clock multiplexer and also to a low speed loop 
back clock multiplexer. Both the loop back reference 
clock multiplexer and the loop back clock multiplexer se- 
lect the low speed clock output signal from the deseri- 
alizer when in line loop back mode. A clock multiplying 
unit converts the output of the low speed loop back ref- 
erence clock multiplexer into a high speed clock signal. 



The serializer generates the high speed serial transmit- 
ter data in synchronization with the high speed clock sig- 
nal received from a clock multiplying unit. A clock divider 
circuit converts the high speed clock signal from the 
clock multiplying unit into a low speed FIFO output clock. 
A first-in-first-out buffer receives the low speed parallel 
output data in synchronization with a clock multiplexer 
output, and transmits low speed parallel FIFO data to 
the serializer in synchronization with the low speed FIFO 
output clock. A low speed parallel loop back data buffer 
provides coupling between the deserializer and the low 
speed parallel loop back data multiplexer, and a low 
speed loop back clock buffer provides coupling between 
the deserializer and the loop back reference clock mul- 
tiplexer and the loop back clock multiplexer. 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

[0001] The present invention pertains to the field of 
hiqh speed telecommunications transceivers; and spe- 
cifically, to the field of testing high speed telecommuni- 
cation links using the transceiver circuitry. 

2. BACKGROUND OF THE INVENTION 

[0002] In many telecommunications applications, line 
loop-back mode is used to test the serial high-speed link 
between two locations. A stream of serial bits is sent 
over the link, fiber optics for example, to a receiver 
which sends it directly to the transmitter and sends It 
back over the link to the original sender. The sender 
compares the transmitted and received data, and, if they 
match, the link must be functional. Such loop-back 
mode typically requires high speed multiplexers and 
buffers which are not only very difficulty implement, but 
also consume a great deal of power and degrade jitter 
performance of the normal mode operation. 
[0003] Figure 1 illustrates general line loop back 1 00 
signal flow. A sender (not shown) sends an optical signal 
1 01 over the link 1 02. The signal 1 01 is received by the 
receiver 1 03 and passed to the transmitter 1 05 through 
a line loop back connection 104 between the receiver 
1 03 and transmitter 1 05. The transmitter 1 05 sends an 
equivalent signal 106 back right away through the link 
1 07 The purpose of the general line loop back mode is 
to be able to test the links 1 02 and 1 07 themselves. The 
testing sender sends signal 101 then ^res he 
looped back signal 106 to the original signal 101 If the 
sent signal 101 matches the looped back signal 06 
then the lines 102 and 107 are functioning properly. A 
typical implementation for a line loop back test is on an 
integrated circuit itself having a receiver 1 03 and a trans- 
mitter 105. The receiver 103 receives the optical serial 
data on its input 108, converts the data to a lower speed 
parallel form, and then sends the lower speed parallel 
data through parallel output port 109 to another appli- 
cation specific integrated circuit (not shown) which per- 
forms further processing on the parallel data. Typically 
either the same or another application specific integrat- 
ed circuit feeds the transmitter 1 05 lower speed parallel 
data through input port 110. 

[00041 As is apparent from the above discussion, a 
need exists for a telecommunications circuit suitable for 
transceivers that provides for cost-effective and efficient 
implementation of the line loop back test which is not 
difficult to implement, conserves power, and which does 
not adversely affect the jitter performance of normal 
mode transceiver operation. 



BRIEF SUMMARY OF THE INVENTION 

[0005] Transceiver telecommunications circuits at the 
ends of bi-directional communications links must be ca- 
5 pable of implementing line loop back tests. Some con- 
ventional implementations of the line loop back are in- 
efficient and complex, consume large amounts of pow- 
er, and adversely affect the jitter performance of normal 
mode transceiver operation. 
w [0006] In order to overcome these problems, the 
present invention offers a novel approach that does not 
require such high-speed multiplexers and buffers. Once 
the serial data is received, clock is extracted and data 
is recovered. The recovered data is deserialized to low 
t5 speed parallel data and clock. This low speed parallel 
clock and data are then looped back to the transmitter 
section to be serialized into high-speed serial data. The 
implementation according to the present invention is 
quite attractive for applications that already have clock 
so and data recovery, and deserializer and ser.al.zer 
blocks, and therefore no additional high-speed blocks 
are required for loop-back. According to the present in- 
vention, all the multiplexers and buffers are low speed 
multiplexers and buffers. 
25 [0007] An additional advantage of the implementation 
according to the present invention is that there are fewer 
high-speed blocks than the conventional implementa- 
tion High frequency noise travels much more easily 
through the substrate than low frequency noise, and 
30 hence the implementation according to the present in- 
vention has reduced noise coupling effects as com- 
pared to conventional implementations. Moreover, ac- 
cording to the present invention, not only is the link test- 
ed, but also the functionality of the transmitter and re- 
35 ceiver are verified. 

[0008] The present invention is equally applicable to 
a system having a separate transmitter and receiver as 
well as an integrated transceiverversion, having atrans- 
mitter and receiver. For example, one such application 
40 involves aten gigabits persecond (10 Gbps) transceiver 
with a sixteen-to-one serializer and a one-to-sixteen de- 
serializer using standard complementary metal oxide 
silicon process (CMOS). Implementing 10 Gbps multi- 
plexers in CMOS is difficult and very power hungry, 
43 whereas 625 Mbps (1 0 Gbps divided by 1 6) multiplexers 
are quite feasible and relatively easy to implement. The 
method according to the present invention can also be 
used for 40 Gbps transceivers in Silicon Germaninum 
(SiGe) or Gallium Arsenide (GaAs) processes. 
so [0009] According to the present invention, a circuit for 
performing a line loop back test includes a receiver that 
receives an input signal from a receiver communication 
line a deserializer that converts high speed serial re- 
ceiver data into low speed parallel data, and a low speed 
55 parallel loop back data multiplexerthat selects eitherthe 
low speed parallel data from the deserializer when in 
loop back mode or low speed parallel input data when 
in normal mode. A clock and data recovery provides 
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coupling between the receiver and the deserializer. A 
serializer converts low speed parallel output data from 
the low speed parallel loop back data multiplexer into 
high speed serial transmitter data. A transmitter con- 
verts the high speed serial transmitter data into an out- 
put signal for transmission across a transmitter commu- 
nication line. 

[0010] In a specific embodiment, the deserializer fur- 
ther produces a low speed clock output signal, and the 
circuit further includes a low speed loop back reference 
clock multiplexer that selects either the low speed clock 
output signal from the deserializer when in line loop back 
mode or a reference clock input signal when in normal 
mode. According to the present invention, the circuit fur- 
ther includes a clock multiplying unit that converts a low 
speed output of the low speed loop back reference clock 
multiplexer into a high speed clock signal. The serializer 
generates the high speed serial transmitter data In syn- 
chronization with the high speed clock signal received 
from the clock multiplying unit. A first-in-first-out buffer 
coupled to the serializer provides coupling between the 
serializer and the low speed parallel loop back data mul- 
tiplexer, and a low speed loop back clock multiplexer se- 
lects either the low speed clock output signal from the 
deserializer or a low speed clock input signal for trans- 
mission to the first-in-first-out buffer. A clock divider cir- 
cuit converts the high speed clock signal from the clock 
multiplying unit into a low speed FIFO output clock. The 
first-in-first-out buffer receives the low speed parallel 
output data in synchronization with a clock multiplexer 
output, and transmits low speed parallel FIFO data to 
the serializer in synchronization with the low speed Fl FO 
output clock. 

[0011] In another embodiment, a low speed parallel 
loop back data buffer provides coupling between the de- 
serializer and the low speed parallel loop back data mul- 
tiplexer, and low speed loop back clock buffer provides 
coupling between the deserializer and the low speed 
loop back reference clock multiplexer and provides cou- 
pling between the deserializer and the low speed loop 
back clock multiplexer. 

[001 2] These and other features, aspects, and advan- 
tages of the present invention will be apparent from the 
Detailed Description of the Invention in conjunction with 
the Figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Figure 1 illustrates the concept of a line loop 
back test addressed by the present invention. 
[0014] Figure 2 illustrates a conventional implemen- 
tation of line loop back test on an integrated circuit. 
[001 5] Figure 3 illustrates an implementation accord- 
ing to the present invention of an integrated circuit which 
is capable of performing a line loop back test. 
[0016] Figure 4 illustrates an implementation of the 
serializer and first-in-first-out buffer such as shown in 
the implementation of an integrated circuit according to 



the present invention shown in Figure 3 which is capable 
of performing a line loop back test. 
[0017] The Figures are more fully explained in narra- 
tive form in the Detailed Description of the Invention. 

5 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] Transceiver circuitry must have the capability 
to test bi-directional communication links to which they 

10 are connected. Figure 1 illustrates the concept of a line 
loop back test addressed by the present invention. In 
some applications, there are separate integrated cir- 
cuits that implement the receiver 1 03 and the transmitter 
105, and also separate integrated circuits that perform 

15 the low speed upstream and downstream processing. 
In other applications, there is a single integrated circuit 
that acts as a transceiver and another single integrated 
circuit that receives and transmits lower speed parallel 
data. Other combinations are also possible. Ultimately, 
20 all of the high speed transceiver circuitry and lower 
speed parallel circuitry can be implemented on a single 
chip. Therefore, the separation of the various compo- 
nents can be arbitrarily partitioned. In the embodiment 
described herein, however, all of the circuitry required 
25 to implement the present invention is placed on the 
same integrated circuit. 

[0019] Figure 2 illustrates a conventional implemen- 
tation of the general line loop back mode in which all of 
the high speed serial circuitry (to the left of dotted line 
30 201) and lower speed parallel circuitry (to the right of 
dotted line 201) is integrated onto a single integrated 
circuit 200. Inside the integrated circuit 200, the input 
pad 202 generates a high-speed input signal 223 that 
feeds a high-speed input receiver 203. The output of the 
35 high speed input receiver 203 is a single signal 224 that 
has both clock and data encoded on it. A clock and data 
recovery unit (CDR) 204 receives the output 224 of the 
input receiver 203 and extracts the high frequency clock 
206 and the high frequency data 207 and sends them 
40 to a deserializer 205 which converts the serial high fre- 
quency clock 206 and data 207 into a lower frequency 
clock signal 208 and a lower frequency parallel data sig- 
nal 209. For example, the high speed clock 206 is pref- 
erably nearly 1 0 GHz and the serial data 207 is at nearly 
45 10 Gbps. The lower speed parallel data 209 is then typ- 
ically 16 lines at 622 Mbps, with a low-speed clock 208 
also at 622 MHz. Output pads 210 and 211 communi- 
cate the low speed clock output 208 and low speed data 
outputs 209 to other circuitry. 
so [0020] A sixteen to one conversion ratio is very typi- 
cal. The transmitter is very similar to the receiver. 
Through low speed data input pads 21 2, sixteen parallel 
low speed bits 213 are transmitted from an outside 
source to the serializer and first in first out buffer (FIFO) 
55 214. Through a low speed clock pad 215 a low speed 
clock signal 21 6 is transmitted to the serializer and FIFO 
214. The serializer 21 4 takes, for example, sixteen data 
signals at 622 Mbps and creates one high speed 1 0 Gb- 
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ps signal 217. The clock multiplying unit CMU 218 re- 
ceives a reference clock signal 220 from an input pad 
219 driven, for example, by an external oscillator (not 
shown) The reference clock signal 220 is. for example, 
at 622 MHz and is multiplied up in order to generate a 
10 GHz reference clock signal output 221 
[00211 In a conventional application, as soon as the 
serial receiver 203 receives the input signal 223 from 
the input pad 203. a buffer 222 amplifies received signal 
224 to produce a high speed loop back signal 225 that 
is one of the inputs to a high speed multiplexer 226. The 
high speed multiplexer 226 selects either the output 21 7 
of the serializer and FIFO 214 or the high speed loop 
back signal 225 to transmit to its output 227 depending 
upon the binary value of a loop back control signal 228 
When the loop back control signal 228 is high loop back 
mode is selected and high speed loop back signal 225 
is communicated to the output 227 ot tho multiplexer 

226 When the loop back control signal 228 is low. nor- 
mal mode is selected and the output 21 7 of the scnali/ei 
and FIFO 214 is transmitted to the multiplexer output 

227 The loop back control signal can be generated ei- 
ther internally on the integrated circuit 200 or directly 
received from a separate input pad (not shown). The 
output 227 of the multiplexer 226 is amplified by a driver 
232 to create a high speed output data signal 229 that 
drives a high speed output pad 230. 
[0022] The problem with the conventional implemen- 
tation of line loop back illustrated in Figure 2 is that the 
buffer 222 and multiplexer 226 used to implement the 
line loop back mode are in the high speed portions of 
the circuit to the left of dotted line 201 . The input 231 of 
the buffer 222 is adding capacitive load which slows 
down the buffer 203. This slow down can distort the 
shape of the signal 224 which would lead to the clock 
and data recovery unit 204 performance degradation. 
Moreover, even though the multiplexer 226 that selects 
between the normal mode output signal 217 and the 
loop back mode output signal 225 is asynchronous cir- 
cuitry, it is in the high speed critical path, and therefore 
again slows down operation of the circuit even when the 
circuit 200 is being used in the normal mode. 
[0023] A problem with the conventional implementa- 
tion of line loop back using the buffer 222 and multiplex- 
er 226 In the high speed portion of the circuit Is that it 
consumes more power and degrades the jitter perform- 
ance Moreover, implementing the multiplexer 226 and 
buffer 222 in the high speed portion of the circuit be- 
comes extremely challenging, especially in standard sil- 
icon processes, because the circuit is operating nearthe 
technological limit of the maximum speed. 
[0024] Figure 3 illustrates an integrated circuit 300 de- 
signed in accordance with an exemplary embodiment of 
the present invention. The purpose of line loop back 
mode is to test the link. In this embodiment, all of the 
high speed serial circuitry (to the left of dotted line 301) 
and lower speed parallel circuitry (to the right of dotted 
line 301) is integrated onto a single integrated circuit 



300 Inside the integrated circuit 300, the input pad 302 
generates a high-speed input signal 323 that feeds a 
high-speed input receiver 303. The output of the high 
speed input receiver 303 is a single signal 324 that has 
s both clock and data encoded on it. A clock and date re- 
covery unit (CDR) 304 receives the output 324 of the 
input receiver 303 and extracts the high frequency clock 
306 and the high frequency data 307 and sends them 
to a deserializer 305 which converts the serial high fre- 
10 quency clock 306 and data 307 into a lower frequency 
clock signal 308 and a lower frequency parallel data sig- 
nal 309. For example, the high speed clock 306 is pref- 
erably nearly 1 0 GHz and the serial data 307 Is at nearly 
10 Gbps. The lower speed parallel data 309 is then typ- 
is ically 1 6 lines at 622 Mbps, with a the low-speed clock 
308 also at 622 MHz. Output pads 310 and 311 commu- 
nicate the low speed clock output 308 and low speed 
data outputs 309 to other circuitry. 
[0025] Through low speed data input pads 312, six- 
20 teen parallel low speed bits 31 3 are transmitted from an 
outside source to a low speed data multiplexer 332. 
Through a low speed clock pad 315 a low speed clock 
signal 31 6 is transmitted to a low speed clock multiplex- 
er 333 A reference clock multiplexer 334 receives a ref- 
25 erence clock signal 320 from an input pad 31 9 dnven, 
for example, by an external oscillator (not shown). 
[0026] According to the present invention, the six- 
teen-bit-wide low speed data multiplexer 332 , low speed 
clock multiplexer 333, and low speed reference clock 
30 multiplexer 334 implement the loop back mode in con- 
junction with the normal mode functioning of the high 
speed circuitry left of the dotted line in Figure 3. In the 
exemplary embodiment shown, the low speed data out- 
put signals 309 are amplified by a sixteen-bit-wide loop 
35 back data buffer 335 in order to produce a sixteen-brt- 
wide loop back data signal 337; and, similarly, the low 
speed clock output 308 is amplified by a loop back clock 
buffer 336 in order to produce a loop back clock signal 
338 However, it is to be understood that the loop back 
40 data buffer 335 and loop back clock buffer 336 may not 
be necessary in all implementations. For example, if the 
output drivers (not shown) within the deserializer 305 
that drive the low speed data output signals 309 are 
strong enough and the physical routing from the dese- 
45 rializer305tothe low speed loop back multiplexers 332, 
333 and 334 is short enough, the loop back buffers 335 
and336 can be omitted (thus replaced by simple wires 
in the illustration of Figure 3). 

[0027] Loop back mode is selected when the loop 
so back control signal 328 is high. In loop back mode, loop 
back data signals 337 are used to generate the output 
signal 339 of the low speed loop back data multiplexer 
332. Similarly, in loop back mode, the loop back clock 
signal 338 is used to generate the outputs 340 and 341 
55 of the low speed clock multiplexer 333 and low speed 
reference clock multiplexer 334, respectively. In con- 
trast during normal mode, when the loop back control 
signal 328 is low. the low speed data input signal 313 is 
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used by the low speed loop back data multiplexer to gen- 
erate Its output 339. Similarly, in normal mode, the low 
speed clock multiplexer 333 uses the low speed clock 
input signal 316 to generate its output 340, and the ref- 
erence clock multiplexer 334 uses the reference clock 
signal 320 to generate its output 341 . 
[0028] The serializer and first in first out buffer (FIFO) 
314 takes sixteen data signals 339 at 622 Mbps from 
the loop back data multiplexer 332 and creates one high 
speed 10 Gbps signal 317, which is used as input for 
driver 342 to create a high speed output data signal 329 
that drives a high speed output pad 330. 
[0029] The clock multiplying unit (CMU) 31 8 receives 
a reference clock signal 341 from the loop back refer- 
ence clock multiplexer 334 and multiplies the signal 341 
in frequency in order to generate a 10 GHz reference 
clock signal output 321 . 

[0030] According to the present invention, the loop 
back multiplexing of the clock and data is not done in 
the high speed circuitry which is limiting the perform- 
ance of the circuit. Instead, it is performed in the low 
speed portion of the circuit (to the right of the dotted line 
301) in which speed is not an issue. Even though the 
loop back multiplexing in the low speed portion of the 
circuit still increases propagation delays, thereby slow- 
ing down the maximum frequency at which the low 
speed circuitry can operate, the speed at which the low 
speed circuitry can operate is still well above the low 
speed requirement. Moreover, if the loop back multiplex- 
ing did slow down the low speed circuitry below its re- 
quired operating frequency, the low speed circuitry 
could be further pipelined in order to increase its oper- 
ating frequency to a level above the speed requirement 
of the application. 

[0031] According to the present invention, a signifi- 
cant amount of power is saved over conventional imple- 
mentations of line loop back. At conventional operating 
frequencies, the conventional loop back implementation 
200 shown in Figure 2 is really pushing the technology 
in order to achieve the high speed requirement. Gener- 
ally, the relationship between current (power) and speed 
in any given technology is linear with a constant slope 
up until high frequencies approaching the technological 
limit of the given technology, at which point the slope of 
the relationship continuously diminishes, such that In- 
creasing power results in a less-than-proportional in- 
crease in speed. Thus, the conventional implementation 
200 of line loop back must operate in the region of di- 
minishing returns of speed with respect to power in order 
to achieve the high speed requirement. In contrast, in 
the implementation 300 shown in Figure 3 according to 
the present invention, the lino loop back is accomplished 
in the linear region of operation in which an increase in 
power results in a proportional increase in speed. 
[0032] The serializer and first in first out buffer 314 
performs synchronization between the low speed clock 
316 and reference clock 320. The low speed data 313 
comes into the integrated circuit 300 synchronized with 



the low speed clock 316, such that the data 31 3 is time- 
aligned with the low speed clock 31 6. However, to trans- 
mit high speed data off the integrated circuit 300 through 
output pad 330, another clock 321 is used that is gen- 
5 erated on chip using the clock multiplying unit 318. 
There is not necessarily any timing relationship between 
the reference clock 320 and the low speed clock 316; 
they can be completely independent. Data must be 
transferred from the time domain of the low speed clock 

10 31 6 to the time domain of the reference clock 320. 
[0033] The role of the first in first out buffer (FIFO) 401 
is to transfer data from the time domain of the low speed 
clock 31 6 to the time domain of the reference clock 320. 
The low speed data 339 is clocked into the first in first 

15 out buffer 401 by the low speed clock 340 at about 622 
MHz. The high speed clock 321 created by the clock 
multiplying unit 318 is at about 10 GHz, and is divided 
down to a 622 MHz clock 403 that is time-aligned with 
the high-speed clock 321 that was derived from the low 

20 speed reference clock 319. Low speed data 404 is 
clocked out of the first in first out buffer 401 by the low 
speed clock 403 that is time aligned with the reference 
clock 31 9. Finally, serializer 405 converts the low speed 
data 404 into high speed data 31 7. 

25 [0034] In normal mode, the receiver and the transmit- 
ter can operate at different frequencies. The clock 308 
derived from the incoming high-speed data is a measure 
of the receiver frequency. The reference clock 320 is a 
measure of the transmitter frequency. There is a limit of 

30 how far off the receiver and transmitter frequencies can 
be. For a typical application, the frequencies can be off 
by around 4.6 ppm (parts per million). But for some ap- 
plications the frequencies can be off by about 1 00 ppm. 
The reference clock 320 comes from a crystal (not 

35 shown) which is typically on the same circuit board as 
the integrated circuit 300. In contrast, the low speed 
clock 308 is derived from a far end transmitter that is 
transmitting the high speed data to the receiver that will 
have a different crystal. Because there are two separate 

40 crystals, there is a different frequency between the two 
signals. 

[0035] However, during the line loop back mode ac- 
cording to the present invention, there are not two dif- 
ferent frequencies, because the same low speed clock 

45 signal 308 is buffered and the buffered clock signal 338 
is selected by both the loop back clock multiplexer 333 
and the loop back reference clock multiplexer 334. 
[0036] According to the present invention, during line 
loop back mode, instead of using a reference clock 320 

50 that comes externally from a crystal, the same low 
speed clock 308 that was extracted is buffered, multi- 
plexed, and sent to the clock multiplying unit 31 8, which 
locks to the frequency from the received signal. Thus, 
in the line loop back mode, the transmitter and receiver 

55 are locked to the same frequency. 

[0037] The prior art was using one buffer and one mul- 
tiplexer at very high speed. According to the exemplary 
embodiment of the present invention described herein, 
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seventeen low speed buffers are used: sixteen for the 
data and one for the clock; in addition eighteen low 
speed multiplexers are used: sixteen for the data one 
for the low speed clock, and one forthe reference clock. 
TO038] An advantage of the implementation 300 ac- 
cording to the present invention over the conventional 
implementation 200 is current (and thus power) con- 
sumption. Another advantage is that the high speed per- 
formance is not affected by the circuitry that implements 
the line loop back mode. The performance is measured 
by the amount of jitter that is generated. The amount of 
jitter increases each time the high speed signal goes 
through a block. Therefore, according to the present in- 
vention, the number of blocks is reduced from the con- 
ventional implementation. For example, removing the 
high speed multiplexer 226 helps the jitter performance 
substantially. 

r00391 Yet anotheradvantage of the present invention 
is noise reduction. In one embodiment of the present 
invention, all the circuits are sitting on the same silicon 
substrate. All of the blocks are going to generate noise. 
That noise is going to couple to the substrate that the 
whole chip is sitting on. Moreover, higher frequency 
noise travels through the substrate more readily. Ac- 
cording to the present invention, the number of blocks 
that are running at high frequency is reduced in compar- 
ison to the conventional approach, and therefore, the 
amount of high frequency noise that is introduced into 
the substrate is reduced. The blocks that were removed 
from the high frequency portion of the circuit in the con- 
ventional implementation are added to the low frequen- 
cy portion of the circuit according to the present inven- 
tion From a noise coupling point of view, the implemen- 
tation according to the present invention is a far supenor 
implementation than the conventional implementation 
because the number of the 10 GHz (high frequency) 
blocks has been reduced. The noise coupling affects the 
high speed portions of the circuit more than the low 
speed portions of the circuit. Because there is less high 
speed circuitry according to the present invention than 
in conventional implementations, there is less noise 
sensitive circuitry as well. 

[0040] According to the present invention, there is 
less total noise as well. The noise is split into two groups: 
there are noise generators and noise receivers. The 
noise generators are basically every block that is added, 
but the high frequency blocks are the worst noise gen- 
erators. The noise receivers are basically every block, 
but the high frequency blocks are more sensitive to re- 
ceiving noise. Because the number of high frequency 
blocks is reduced according to the present invention in 
comparison to the conventional implementation, the 
number of the worst noise generators and the number 
of circuits most sensitive to the noise are both reduced. 
[0041] The implementation of the line loop back ac- 
cording to the present invention incurs a slight amount 
of additional delay as compared to the conventional im- 
plementation because the signal is converted to low 



speed parallel and then reconverted back into high 
speed serial. However, it Is assumed that thelines being 
tested are of an arbitrary long length, and thus thetester 
performing the line loop back test is not expecting the 
s data back at any particular time. The time be ween 
transmission and receipt by thetester is flexible. When 
the tester receives the data, he keeps delaying it untfl 
he finds a match between the stream that is sent and 
the stream that he receives. The amount of the roundtnp 
w delay through the lines is in large part a Junction of the 
length of the cable itself which can vary a lot, for exam- 
ple from 100 meters to 80 kilometers. Hence a few clock 
cycles needed to convert to low speed and reconvert to 
high speed is small in comparison to the delay incurred 
15 in the line itself . 

[0042] The line loop back implementation according 
to the present invention can be used In many contexts. 
For example, the line loop back can be used when a 
transmitter and receiver are implemented separately 
20 because this can be implemented on a single board with 
separate chips rather than on a single chip. Alternative- 
ly the present invention can be implemented as a trans- 
ceiver, as illustrated in Figure 3, because all of the com- 
ponents can be implemented on a single chip, and 
25 therefore no extra external pins are required. As another 
alternative, the line loop back according to the present 
invention can be implemented when the circuit is inte- 
grated with the entire application integrated circuit (or 
circuits) that receive the low-speed data output from 
30 pads 31 1 and supply the low speed data input through 

[0043] 2 The present invention is particularly suitable 
within the parameters of having a receiver and transmit- 
ter that are similarto serial optical network (SONET) or 
35 Gigabit internet applications where there is a receiver 
that goes to a clock and data recovery unit and then to 
a deserializer. If the above described receiver/CDR/de- 
serializer architecture does not exist, for example, if 
some processing is done more than simple desenaliz- 
40 ing thenitmaybedifficulttoloopitbackproperlyunless 
the' exact inverse circuitry exists in the transmitter direc- 
tion In the embodiment shown in Figure 3, because the 
transmitter and receiver processing are exact inverses 
of one another, all that was necessary to implement the 
45 present invention is a few multiplexers (and perhaps 

buffers). . 
[0044] While the present invention has been de- 
scribed with reference to its preferred and alternative 
embodiments, those embodiments are offered by way 
so of example, not by way of limitation. Those skilled in the 
art will be enabled by this disclosure to make various 
additions, deletions, and modifications to the present in- 
vention. Accordingly, all such additions, deletions, and 
modifications are deemed to lie within the sp.nt and 
55 scope of the present invention as delineated in the ap- 
pended claims. 
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Claims and 

a clock divider circuit coupled to the first-in-first- 

1 . A circuit for performing a line loop back test, the cir- out buffer that converts the high speed clock 

cuit comprising: signal from the clock multiplying unit into a low 

5 speed FIFO output clock; 

a receiver that receives an input signal from a 

receiver communication line; wherein the first-in-first-out buffer receives 

a deserializer coupled to the receiver that con- the low speed parallel output data from the low 

verts high speed serial receiver data derived speed parallel loop back data multiplexer in syn- 

from an input signal received by the receiver w chronization with a clock multiplexer output re- 

into low speed parallel data; ceived from the low speed clock multiplexer; 

a low speed parallel loop back data multiplexer wherein the first- in -first-out buffer transmits 

coupled to the deserializer that selects either low speed parallel FIFO data to the serializer in syn- 

the low speed parallel data from the deserializ- chronization with the low speed FIFO output clock 

er or low speed parallel input data; 15 received from the clock divider, 
a serializer coupled to the low speed parallel 

loop back data multiplexer that converts low 5. A circuit as in claim 1 , further comprising: 
speed parallel output data from the low speed 

parallel loop back data multiplexer inlo high a low speed parallel loop back data buffer that 
speed serial transmitter data; and 20 provides coupling between the deserializer and 
a transmitter coupled to the serializer that con- the low speed parallel loop back data multiplex- 
verts the high speed serial transmitter data into er 
an output signal for transmission across a 

transmitter communication lino. 6. A circuit as in claim 2, further comprising: 

25 

i. A circuit as in claim 1 , a lowspeed loop back clock buffer that provides 

wherein the deserializer further produces a coupling between the deserializer and the low 

low speed clock output signal, further comprising: speed loop back reference clock multiplexer. 



a low speed loop back reference clock multi- 30 7. 



plexer coupled to the deserializer that selects 
either the low speed clock output signal from 
the deserializer or a reference clock input sig- 
nal. 

35 

3. A circuit as in claim 2, further comprising: 



A circuit as in claim 4, further comprising: 

a lowspeed loop back clock bufferthat provides 
coupling between the deserializer and the low 
speed loop back reference clock multiplexer, 
and that provides coupling between the dese- 
rializer and the low speed loop back clock mul- 
tiplexer. 



a clock multiplying unit coupled to the low 

speed loop back reference clock multiplexer 8. A circuit as in claim 1 1 further comprising: 

and the serializer that converts a low speed out- 40 

put of the low speed loop back reference clock a clock and data recovery unit that provides 

multiplexer into a high speed clock signal; coupling between the receiver and the deseri- 
alizer. 

wherein the serializer generates the high 

speed serial transmitter data in synchronization 45 9. A circuit for performing a line loop back test, the cir- 

with the high speed clock signal received from the cult comprising: 
clock multiplying unit. 

a serializerthat receives a serializer parallel da- 

4. A circuit as in claim 3, further comprising: ta input signal and that generates a serializer 

50 serial data output signal; 

a first-in-first-out buffer coupled to the serializer a first-in-first-out buffer having a FIFO parallel 

that provides coupling between the serializer data input signal and a FIFO parallel data out- 

and the low speed parallel loop back data mul- put signal; 

tiplexer; and a loop back data multiplexer that receives a 

a low speed loop back clock multiplexer cou- 55 loop back data multiplexer parallel data input 

pled to the first-in-first-out buffer that selects ei- signal and a loop back data multiplexer parallel 

ther the low speed clock output signal from the loop back input signal and that generates a loop 

deserializer or a low speed clock input signal; back data multiplexer parallel data output sig- 



7 



BNSOCCID: <EP 128361 5A2_I_> 



13 



EP 1 283 615 A2 



14 



nal; 

a loop back data buffer that receives a loop 
back data buffer parallel input signal and that 
generates a loop back data buffer parallel out- 
put signal; and 

a deserializer that receives a deserializer serial 
data input signal and that generates a deseri- 
alizer parallel data output signal; 

wherein the deserializer parallel data output 
signal is coupled to the loop back data buffer paral- 
lel input signal; 

wherein the loop back data buffer parallel out- 
put signal is coupled to the loop back data multi- 
plexer parallel loop back input signal; 

wherein the loop back data multiplexer paral- 
lel data output signal is coupled to the FIFO parallel 
data input signal; 

wherein the FIFO parallel data outpul signal 
is coupled to the serializer parallel data input signal. 

10. A circuit as in claim 9, further comprising: 



a clock multiplier unit that receives a clock mul- 
tiplier unit input signal and that generates a 25 
clock multiplier unit output signal; 



10 



15 



20 



wherein the serializer further receives a seri- 
alizer clock input signal; 

wherein the clock multiplier unit output signal ao 
is coupled to the serializer clock input signal. 

11. A circuit as in claim 10, further comprising: 

a loop back reference clock multiplexer that re- 35 
ceives a loop back reference clock multiplexer 
reference clock input signal and a loop back ref- 
erence clock multiplexer loop back input signal 
and that generates a loop back reference clock 
multiplexer clock output signal; 40 

wherein the loop back reference clock multi- 
plexer clock output is coupled to the clock multiplier 
unit input signal. 



13. A circuit as in claim 12, further comprising: 

a loop back clock multiplexer that receives a 
loop back clock multiplexer clock input signal 
and a loop back clock multiplexer loop back in- 
put signal and that generates a loop back clock 
multiplexer output signal; 

wherein the first- in-first-out buffer further re- 
ceives a FIFO input clock signal; 

wherein the loop back clock multiplexer out- 
put signal is coupled to the FIFO input clock signal; 

wherein the loop back buffer output signal is 
coupled to the loop back clock multiplexer loop back 
input signal. 

14. A circuit as in claim 13, further comprising: 

a clock divider that receives a clock divider in- 
put signal and that generates a clock divider 
output signal; 

wherein the first-in-first-out buffer further re- 
ceives a FIFO output clock signal; 

wherein the clock divider input signal is cou- 
pled to the loop back reference clock multiplexer 

output signal; 

wherein the clock divider output signal is cou- 
pled to the FIFO output clock signal. 



45 



12. A circuit as in claim 11 , further comprising: 



a loop back clock buffer that receives a loop 
back clock buffer input signal and that produces 
a loop back clock buffer output signal; 50 

wherein the deserializer further generates a 
deserializer clock output; 

wherein the loop back clock buffer output sig- 
nal is coupled to the loop back reference clock mul- 55 
tiplexer loop back input signal; 

wherein the deserializer clock output signal is 
coupled to the loop back clock buffer input signal. 



15. A circuit as in claim 13, further comprising: 
a loop back control signal; 

wherein the loop back reference clock multi- 
plexer further receives a loop back reference clock 
multiplexer select signal; 

wherein the loop back clock multiplexer fur- 
ther receives a loop back clock multiplexer select 
signal; 

wherein the loop back data multiplexer further 
receives a loop back data multiplexer select signal; 

wherein the loop back control signal is cou- 
pled to the loop back reference clock multiplexer se- 
lect signal, the loop back clock multiplexer select 
signal and the loop back data multiplexer select 
signal. 

16. A circuit as in claim 15, 

wherein when the loop back control signal is assert- 
ed, 

the loop back reference clock multiplexer is op- 
erative to communicate the loop back reference 
clock multiplexer loop back input signal to the 
loop back reference clock multiplexer output 
signal, 

the loop back clock multiplexer is operative to 
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communicate the loop back clock multiplexer 
loop back input signal to the loop back clock 
multiplexer output signal, and 
the loop back data multiplexer is operative to 
communicate the loop back data multiplexer 5 
parallel loop back input signal to the loop back 
data multiplexer parallel data output signal; and 
wherein when the loop backcontrol signal is de- 
asserted, 

the loop back reference clock multiplexer is op- io 
erative to communicate the loop back reference 
clock multiplexer reference clock input signal to 
the loop back reference clock multiplexer out- 
put signal, 

the loop back clock multiplexer is operative to is 
communicate the loop back clock multiplexer 
clock input signal to the loop back clock multi- 
plexer output signal, and 
the loop back data multiplexer is operative to 
communicate the loop back data multiplexer 20 
parallel data input signal to the loop back data 
multiplexer parallel data output signal. 

17. A circuit for performing a line loop back test, the cir- 
cuit comprising: 25 



alizer clock input signal; 

wherein the clock multiplier unit output signal 
is coupled to the serializer clock input signal. 

19. A circuit as in claim 18, further comprising: 

a loop back reference clock multiplexer that re- 
ceives a loop back reference clock multiplexer 
reference clock input signal and a loop back ref- 
erence clock multiplexer loop back input signal 
and that generates a loop back reference clock 
multiplexer clock output signal; 

wherein the loop back reference clock multi- 
plexer clock output is coupled to the clock multiplier 
unit input signal. 

20. A circuit as In claim 19, 

wherein the deserializer further generates a 
deserializer clock output; 

wherein the deserializer clock output signal is 
coupled to the loop back reference clock multiplexer 
loop back input signal. 

21 . A circuit as in claim 20, further comprising: 



a serializer that receives a serializer parallel da- 
ta input signal and that generates a serializer 
serial data output signal; 
a first-in-first-out buffer having a FIFO parallel 
data input signal and a FIFO parallel data out- 
put signal; 

a loop back data multiplexer that receives a 
loop back data multiplexer parallel data input 
signal and a loop back data multiplexer parallel 
loop back input signal and that generates a loop 
back data multiplexer parallel data output sig- 
nal; and 

a deserializer that receives a deserializer serial 
data input signal and that generates a deseri- 
alizer parallel data output signal; 

wherein the deserializer parallel data output 
signal is coupled to the loop back data multiplexer 
parallel loop back input signal; 

wherein the loop back data multiplexer paral- 
lel data output signal is coupled to the FIFO parallel 
data input signal; 

wherein the FIFO parallel data output signal 
is coupled to the serializer parallel data input signal. 

18. A circuit as in claim 1 7, further comprising: 

a clock multiplier unit that receives a clock mul- 
tiplier unit input signal and that generates a 
clock multiplier unit output signal; 



a loop back clock multiplexer that receives a 
loop back clock multiplexer clock input signal 
and a loop back clock multiplexer loop back in- 
put signal and that generates a loop back clock 
multiplexer output signal; 

wherein the first-in-first-out buffer further re- 
ceives a FIFO input clock signal; 

wherein the loop back clock multiplexer out- 
put signal is coupled to the FIFO input clock signal; 

wherein the deserializer clock output signal is 
coupled to the loop back clock multiplexer loop back 
input signal. 

22. A circuit as in claim 21 , further comprising: 

a clock divider that receives a clock divider in- 
put signal and that generates a clock divider 
output signal; 



wherein the first-in-first-out buffer further re- 
ceives a FIFO output clock signal; 

wherein the clock divider input signal is cou- 
50 pled to the loop back reference clock multiplexer 
output signal; 

wherein the clock divider output signal is cou- 
pled to the FIFO output clock signal. 

55 23. A circuit as in claim 21 , further comprising: 

a loop back control signal; 



35 



40 



wherein the serializer further receives a seri- 
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wherein the loop back reference clock multi- 
plexer further receives a loop back reference clock 
multiplexer select signal; 

wherein the loop back clock multiplexer fur- 
ther receives a loop back clock multiplexer select s 
signal; 

wherein the loop back data multiplexerfurther 
receives a loop back data multiplexer select signal; 

wherein the loop back control signal is cou- 
pled to the loop back reference clock multiplexer se- io 
lect signal, the loop back clock multiplexer select 
signal, and the loop back data multiplexer select 
signal. 

24. A circuit as in claim 23, 15 
wherein when the loop back control signal is assert- 
ed, 

the loop back reference clock multiplexer is op- 
erative to communicate the loop back reference 20 
clock multiplexer loop back input signal to the 
loop back reference clock multiplexer output 
signal, 

the loop back clock multiplexer is operative to 
communicate the loop back clock multiplexer 25 
loop back input signal to the loop back clock 
multiplexer output signal, and 
the loop back data multiplexer is operative to 
communicate the loop back data multiplexer 
parallel loop back input signal to the loop back 30 
data multiplexer parallel data output signal; and 
wherein when the loop backcontrol signal is de- 
asserted, 

the loop back reference clock multiplexer is op- 
erative to communicate the loop back reference 35 
clock multiplexer reference clock input signal to 
the loop back reference clock multiplexer out- 
put signal, 

the loop back clock multiplexer is operative to 
communicate the loop back clock multiplexer *o 
clock input signal to the loop back clock multi- 
plexer output signal, and 
the loop back data multiplexer is operative to 
communicate the loop back data multiplexer 
parallel data input signal to the loop back data 45 
multiplexer parallel data output signal. 

25. A circuit for performing a line loop back test, the cir- 
cuit comprising: 



a serial izer that receives a serializer parallel da- 
ta input signal and that generates a serializer 
serial data output signal; 
a loop back data multiplexer that receives a 
loop back data multiplexer parallel data input 
signal and a loop back data multiplexer parallel 
loop back input signal and that generates a loop 
back data multiplexer parallel data output sig- 



50 



55 



nal; 

a loop back data buffer having a loop back data 
buffer parallel input signal and a loop back data 
buffer parallel output signal; and 
a deserializer that receives a deserializer serial 
data input signal and that generates a deseri- 
alizer parallel data output signal; 

wherein the deserializer parallel data output 
signal is coupled to the loop back data buffer paral- 
lel input signal; 

wherein the loop back data buffer parallel out- 
put signal is coupled to the loop back data multi- 
plexer parallel loop back input signal; 

wherein the loop back data multiplexer paral- 
lel data output signal is coupled to the serializer par- 
allel data input signal. 

26. A circuit as in claim 25, further comprising: 

a clock multiplier unit that receives a clock mul- 
tiplier unit input signal and that generates a 
clock multiplier unit output signal; 

wherein the serializer further receives a seri- 
alizer clock input signal; 

wherein the clock multiplier unit output signal 
is coupled to the serializer clock input signal. 

27. A circuit as in claim 26, further comprising: 

a loop back reference clock multiplexer that re- 
ceives a loop back reference clock multiplexer 
reference clock input signal and a loop back ref- 
erence clock multiplexer loop back input signal 
and that generates a loop back reference clock 
multiplexer clock output signal; 

wherein the loop back reference clock multi- 
plexer clock output is coupled to the clock multiplier 
unit input signal. 

28. A circuit as in claim 27, further comprising: 

a loop back clock buffer that receives a loop 
backclock buffer Input signal and that produces 
a loop back clock buffer output signal; 

wherein the deserializer further generates a 
deserializer clock output; 

wherein the loop back clock buffer output sig- 
nal is coupled to the loop back reference clock mul- 
tiplexer loop back input signal; 

wherein the deserializer clock output signal is 
coupled to the loop back clock buffer input signal. 

29. A circuit as in claim 28, further comprising: 
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a loop back control signal; 

wherein the loop back reference clock multi- 
plexer further receives a loop back reference clock 
multiplexer select signal; 

wherein the loop back data multiplexer further 
receives a loop back data multiplexer select signal; 

wherein the loop back control signal is cou- 
pled to the loop back reference clock multiplexer se- 
lectsignal and the loop back data multiplexer select 
signal. 

30. A circuit as in claim 29, 

wherein when the loop back control signal is 
asserted, 

the loop back reference clock multiplexer is op- 
erative to communicate the loop back reference 
clock multiplexer loop back input signal to the 
loop back reference clock multiplexer output 
signal, and 

the loop back data multiplexer is operative to 
communicate the loop back data multiplexer 
parallel loop back input signal to the loop back 
data multiplexer parallel data output signal; and 
wherein when the loop back control signal is de- 
asserted, 

the loop back reference clock multiplexer is op- 
erative to communicate the loop back reference 
clock multiplexer reference clock input signal to 
the loop back reference clock multiplexer out- 
put signal, and 

the loop back data multiplexer is operative to 
communicate the loop back data multiplexer 
parallel data input signal to the loop back data 
multiplexer parallel data output signal. 

31 . A circuit for performing a line loop back test, the cir- 
cuit comprising: 

a serializer that receives a serializer parallel da- 
ta input signal and that generates a serializer 
serial data output signal; 
a loop back data multiplexer that receives a 
loop back data multiplexer parallel data input 
signal and a loop back data multiplexer parallel 
loop back input signal and that generates a loop 
back data multiplexer parallel data output sig- 
nal; and 

a deserializer that receives a deserializer serial 
data input signal and that generates a deseri- 
alizer parallel data output signal; 

wherein the deserializer parallel data output 
signal is coupled to the loop back data multiplexer 
parallel loop back input signal; 

wherein the loop back data multiplexer paral- 
lel data output signal is coupled to the serializer par- 
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flllel data input signal. 

32. A circuit as in claim 31 further comprising: 

a clock multiplier unit that receives a clock mul- 
tiplier unit input signal and that generates a 
clock multiplier unit output signal; 

wherein the serializer further receives a seri- 
alizer clock input signal; 

wherein the clock multiplier unit output signal 
is coupled to the serializer clock input signal. 

33. A circuit as in claim 32, further comprising: 

a loop back reference clock multiplexer that re- 
ceives a loop back reference clock multiplexer 
reference clock input signal and a loop back ref- 
erence clock multiplexer loop back input signal 
and that generates a loop back reference clock 
multiplexer clock output signal; 

wherein the loop back reference clock multi- 
plexer clock output is coupled to the clock multiplier 
unit input signal. 

34. A circuit as in claim 33, 

wherein the deserializer further generates a 
deserializer clock output; 

wherein the loop back reference clock multi- 
plexer loop back input signal is coupled to the de- 
serializer clock output signal. 

35. A circuit as in claim 34, further comprising: 

a loop back control signal; 

wherein the loop back reference clock multi- 
plexer further receives a loop back reference clock 
multiplexer select signal; 

wherein the loop back data multiplexer further 
receives a loop back data multiplexer select signal; 

wherein the loop back control signal is cou- 
pled to the loop back reference clock multiplexer se- 
lect signal and the loop back data multiplexer select 
signal. 



36. 
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A circuit as in claim 35, 

wherein when the loop back control signal is 
asserted, 

the loop back reference clock multiplexer is op- 
erative to communicate the loop back reference 
clock multiplexer loop back input signal to the 
loop back reference clock multiplexer output 
signal, and 

the loop back data multiplexer is operative to 
communicate the loop back data multiplexer 
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parallel loop back input signal to the loop back 
data multiplexer parallel data output signal; and 
wherein when the loop back control signal is de- 
asserted, 

the loop back reference clock multiplexer is op- 
erative to communicate the loop back reference 
clock multiplexer reference clock input signal to 
the loop back reference clock multiplexer out- 
put signal, and 

the loop back data multiplexer Is operative to 
communicate the loop back data multiplexer 
parallel data input signal to the loop back data 
multiplexer parallel data output signal. 

37. A method of performing a line loop back test, the 
method comprising the steps of: 

(a) receiving an input signal from a receiver 
communication line; 

(b) converting high speed serial receiver data 
derived from an input signal into low speed par- 
allel data; 

(c) selecting by a low speed parallel loop back 
data multiplexer either the low speed parallel 
data or low speed parallel input data as low 
speed parallel output data; 

(d) converting the low speed parallel output da- 
ta into high speed serial transmitter data; and 

(e) converting the high speed serial transmitter 
data into an output signal for transmission 
across a transmitter communication line. 



22 

selecting by a low speed loop back clock mul- 
tiplexer coupled to the first-in-first-out buffer ei- 
ther the low speed clock output signal or a low 
speed clock input signal; converting by a clock 
divider circuit coupled to the first-in-first-out 
buffer the high speed clock signal into a low 
speed FIFO output clock; 
receiving by the first-in -first-out buffer the low 
speed parallel output data from a low speed 
parallel loop back data multiplexer in synchro- 
nization with a clock multiplexer output re- 
ceived from the low speed clock multiplexer; 

transmitting by the first-in-first-out buffer low 
speed parallel FIFO data to the serializer in syn- 
chronization with the low speed FIFO output 
clock received from the clock divider. 

A method as in claim 37 ; 

wherein a low speed parallel loop back data 
buffer provides coupling between a deserializer that 
performs step (b) and a low speed parallel loop back 
data multiplexer that performs step (c). 



25 42. A method as in claim 38, 

wherein a low speed loop back clock buffer 
provides coupling between a deserializer that per- 
forms step (f) and a low speed loop back reference 
clock multiplexer that performs step (g). 
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38. A method as in claim 37, 

wherein step (b) further comprises the step of: 

(f) producing a low speed clock output signal; 
the method further comprising the step of: 

(g) selecting by a low speed loop back refer- 
ence clock multiplexer either the low speed 
clock output signal or a reference clock input 
signal. 

39. A method as in claim 38, further comprising the step 
of: 

(h) converting a low speed output of step (g) 
into a high speed clock signal; 

wherein step (d) comprises the step of: 

(i) generating the high speed serial transmitter 
data in synchronization with the high speed 
clock signal. 

40. A method as in claim 39, 

wherein a first-in-first-out buffer provides cou- 
pling between a serializerthat performs step (d) and 
a low speed parallel loop back data multiplexer that 
performs step (c); the method further comprising 
the step of: 
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43. A method as in claim 40, 

wherein a low speed loop back clock buffer 
provides coupling between the deserializer that per- 
forms step (f) and a low speed loop back reference 
clock multiplexer, and that provides coupling be- 
tween the deserializer that performs step (f) and the 
low speed loop back clock multiplexer. 

44. A method as in claim 37 , 
wherein a clock and data recovery unit pro- 
vides coupling between a receiver that performs 
step (a) and a deserializer that performs step (b). 
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